1. The object of this paper is to draw attention to a rem arkable relation which has been found to exist between the diurnal variation of the wind and the double diurnal oscil lation of the barometer at Bombay, and which, it is believed, will be of great interest to all meteorologists.
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2.
T h e observations m ade use o f in th e discussion are th e h o u rly ta b u la tio n s from th e reco rd o f a R o b in s o n 's A n em o g rap h from J u n e 1867 to M ay 1870, th e h o u rly observa tio n s o f th e b a ro m e ter and te m p e ra tu re o f th e a ir fo r th e sam e p erio d , an d th e corre sponding pressure o f vapour (calcu lated from th e read in g s o f th e dry-an d w et-bulb th erm om eters), and also some p a rtic u la r re su lts o f la te r d ate w h ich w ill b e in tro d u ced in th e course o f th e inquiry. A fu ll descrip tio n o f th e various in stru m e n ts and th e m ethods o f observation an d re d u c tio n is giv en in th e in tro d u c tio n to th e " B om bay M agn etical and M eteorological O bservations, 1865-7 0 but it m ay be w ell briefly to recapi tu la te h e re th e m eth o d o f re d u c in g th e a n em o g rap h indications, as it is en tirely ow ing to its m ath em atical exactness th a t th e re su lts now b ro u g h t forw ard have been obtained, and it is th erefo re deserving o f special a tte n tio n .
T h e w ind o f every h o u rly in terv al is resolved in to a n o rth o r so u th w ind and an east or w est w ind o f such velocities, th a t, if they, blew to g eth er, th e re su ltin g m ovem ent and direction w ould be th e sam e as is actu ally observed. T h e formulae by w hich these reso lu tio n s are effected a r e :-V elocity o f w ind from n o rth or so uth -cos 22^ de V elocity o f w ind from east or w est = m sin 22^ degrees). . . . . . -2*1 -2-5 -2 -7 -3 1 -3-3 -3*6 -3-7 -3 0 -1-5 0-0 + 1-3 + 2 6 + 3-8 4 -4 6 + 4-9 + 4 ;9 ;+4-3 + 2 -7 +1*0 + 0-1 -0 -4 -0*9 -1-4 -1 9
T h e observations o f th e b a ro m e te r a n d th e rm o m e te rs w ere m a d e seven m in u te s a n d five m in u te s respectively a fte r th e fu ll h o u r. , , .
V aiiatl°nS a re als° re Presen ted g ra p h ic a lly b y fig u res 1, 2 , 3 , 4 a n d 5, P l a t e X X X I V ,
3.
F ro m .the h p u rly values o f th e v a ria tio n o f th e b a ro m e te r g iv e n above, th e co n stan ts, m .th e first th re e te rm s o f th e rig h t-h a n d m e m b e r o f B e s s e l 's fo rm u la , 
3
and from these values we find th a t th e m axim a an d m inim a an d th e tim es o f th e ir occurrence are as follows; viz. :*#-' ; ' , .
• , h. m
The first minimum in the day * . = -*0293 at 3 29 " " maximum ,, ^ . . = -f-*0551 " 9 32 .
" second minimum " " . . = -*0484 " 16 1 " " " maximum " " . . = + *0228 " 22 5
Now m arking these tim es along th e course o f th e w ind-curve ( fig. 1) , we see th a t th ey and th e centre o f th e curve are a ll o f th e m alm ost exactly in th e same stra ig h t lineth a t th e stra ig h t line being draw n th ro u g h th e cen tre so as to pass as close as possible to each o f th e m arks so laid dow n divides th e curve in to fo u r branches, tw o tu rn e d to th e n o rth o f th e line and tw o tu rn e d to th e south o f it-an d th a t th e direction o f th e line itse lf is th e sam e as th e g en eral directio n o f th e w hole curve. W e now see th a t th e curve is such a one as w ould be form ed by tw o d istin ct variations b ein g superim posed th e one on th e oth er-one, th e m ovem ent in th e directio n o f th e lin e, having a single perio d lik e th e tem perature-cu rv e ( fig. 5 ), an d th e oth er, th e n o rth and south m ovem ent, having a double period, an d in th is resp ect lik e th e barom eter-curve ( fig. 2 ), b u t differing from it in th a t it passes th ro u g h its m ean positions a t th e fo u r tim es w hen th e la tte r is a t its extrem e positions, an d versd. A closer com parison o f th e two curves (1 and 2) shows th a t w hen th e w ind-curve passes to th e n o rth o f th e lin e A B , th e b aro m eter begins to rise, and th e m ore rap id ly th e fu rth e r th e curve departs from th e line, and ceases to do so on th e re tu rn o f th e curve b ack to th e lin e ; sim ilarly th e b aro m eter falls w hen th e curve passes to th e so u th o f th e line, its ra te o f descent b ein g approxim ately p ro p o rtio n al to th e distance o f d e p a rtu re o f th e w ind-curve from th e line.
4. T h ere can be no d o u b t th a t th e g re a ter p a rt o f th e m ore extensive east and w est m ovem ent is th e land-and sea-breeze ; a n d th is featu re an d th e gen erally accepted th eo ry w hich explains it have been already com m ented u p o n in A p p en d ix I. o f th e B om bay M agnetical and M eteorological O bservations for 1865 to 1870, on " T h e N o rm al W in d s o f B om bay.'' T h e ex planation o f th e double d iu rn a l variatio n w hich we find is super im posed a t Bom bay on th e land-and sea-breeze is n o t, how ever, so a p p a r e n t; an d before a com plete view o f th e n a tu re o f th is variatio n could be obtained, it w ould be necessary to elim inate from th e w hole curve th a t p a rt w hich m ay be considered due to th e p u re land-and sea-breeze; b u t th e precise n a tu re o f th is p a rt is its e lf unknow n, and th e elim i n atio n could only be effected by a com parison o f th e curve for B om bay w ith th a t o f some o th er place, w here, o th er conditions being sim ilar, th e land-and sea-breeze is e ith e r entirely absent or reversed in direction, as, for instance, a t M ad ras; b u t sim ilar results for such a place are n o t y et available, and an approxim ate view is all th a t can be afforded a t present.
5. T h e principal features o f th e p u re land-and sea-breeze w ill be m ore clearly exhi b ited in th e following m anner. A ssum ing th a t its direction is com pletely represented by th e stra ig h t line A B, fig. 1 , w hich is inclined to th e east and w est line a t an angle o f 18£°, th e n a ll th e h o u rly p o in ts b e in g p ro je c te d in a n o rth o r so u th d ire c tio n u p o n th is lin e w ill give a series o f p o in ts w h ic h w ill re p re se n t th e v a ria tio n o f th e la n d -a n d sea-breeze com bined w ith a n y o f th e d iu rn a l v a ria tio n w h ic h m a y e x ist m th e sam e direction, sim ilar to th a t w h ic h does e x ist in a n o rth a n d so u th d ire c tio n . T h e v a ria tio n is given below , a n d has b e e n o b ta in e d b y m u ltip ly in g th e e ast c o m p o n e n ts o f th e v ariatio n o f th e w ind fo r each h o u r, giv en in T a b le I ., b y se c a n t 18^°.
T a b l e I I . -M ea n L a n d -a n d S ea-B reeze a t B o m b ay . 
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___ I t is also re p re se n te d g ra p h ic a lly by fig. 6 , w h ic h w ill b e seen to b e re m a rk a b ly lik e th e te m p e ra tu re -c u rv e (fig. 5) in g e n e ra l c h a ra c te r, b u t fro m a b o u t 1 to 2 h o u rs la te r in phase. T h is g e n e ra l resem b lan ce is satisfacto rily e x p la in e d b y th e th e o ry a lre a d y ad v erted t o ; fo r th e p ro d u c in g cause o f th e lan d -a n d sea-breeze, a cc o rd in g to t h a t th e o ry , b e in g th e difference o f te m p e ra tu re in d ic a te d by tw o te m p e ra tu re -c u rv e s, viz. th a t o f th e la n d an d th a t o f th e sea (w hich p resu m ab ly differ fro m e ac h o th e r o n ly in e x te n t a n d n o t in form ), w ill also b e re p re se n te d by a te m p e ratu re-cu rv e o f a lik e n a t u r e ; a n d i t is to b e e x p e c te d th e re fo re th a t th e lan d -a n d sea-breeze, w h e n re p re se n te d as in fig. 6 , w ill h a v e som e such resem blance to th e te m p e ratu re-cu rv e as th a t w h ic h i t e x h ib its. B u t fig. 6 h a s a t th e sam e tim e very definite a n d d istin ctiv e fe a tu re s p e c u lia r to it s e l f ; a m o n g st th e se m ay b e m e n tio n e d :-1 st. I ts ra p id tra n s itio n from east to w est, m oving fro m 10^-h o u rs to 1 2^ h o u rs th ro u g h n e a rly h a lf o f its w hole ran g e, w h ich is m u c h m o re ra p id th a n th e c o rre spondin g change o f th e te m p e ra tu re -c u rv e .
2nd. F ro m 18 h o u rs to 6 h o u rs th e curve is first convex a n d a fte rw a rd s slig h tly concave dow nw ards, h a v in g a p o in t o f inflection a b o u t m id n ig h tj w h ile th e te m p e ra tu re -c u rv e is convex dow nw ards d u rin g th e w hole o f th e sam e in te rv a l.
T h ese fe a tu re s a re w h a t m ig h t b e ex p ected from th e su p erp o sitio n on th e la n d -a n d sea-breeze o f an east an d w est double d iu rn a l v ariatio n o f th e w in d w h ich a tta in s its m a x im u m east positions a t a b o u t th e sam e h o u rs a t w hich th e b a ro m e ter reach es its OF THE WIND AND BAROMETRIC PRESSURE AT BOMBAY. 5 m axim a, and a tta in s its m axim um w est positions a t a b o u t th e sam e h o u rs a t w hich th e b aro m eter reaches its m inim a, and passes th ro u g h zero a t th e tim es w hen th e b aro m eter passes th ro u g h its m ean positions. A stro n g reason for b eliev in g th a t th ese features a re p roduced by th e superposition o f such a v ariatio n , is afforded by th e m ean d iu rn a l variation o f th e east or w est com ponents o f th e w in d fo r th e m o n th s o f J u ly an d A u g u st a lo n e '; for d u rin g these m on th s th e land-a n d sea-breeze has alm o st en tirely disappeared, because th e difference b etw een th e daily ran g es o f te m p e ra tu re o f th e la n d an d sea is th e n very sm all, and th e w ind v a ria tio n th e n fo u n d is o f th e k in d h e re described, and w ould, w hen superim posed u p o n th e m e an te m p eratu re-cu rv e fo r th e year, produce a curve having sim ilar fe a tu re s to those e n u m erate d as p e cu liar to th e curve w hich re p re sents th e land-and sea-breeze. T h e v ariatio n is g iv en in T a b le I I I . , an d also graphically rep resented by fig. 7 . T h e m ean com ponents for th e w hole perio d are 4 6 -5 S. and 1 6 T 1 AV.
D u rin g these two m on th s th e south-w est m onsoon is a t its h e ig h t a t B om bay, and th e w ind is m ore boisterous an d irre g u la r in stre n g th , th o u g h n o t in direction, th a n a t any o th e r p a rt o f th e y e a r; th e observations are consequently insufficient to give a very reg u lar curve, b u t it is sufficiently re g u la r to ju stify conclusions b ein g draw n from its m ore salien t fe a tu re s. T h e sm oothed curve h a s b e e n c alc u la te d fro m th e o rig in a l o ne by m eans o f th e first th re e te rm s o f B e s s e l 's fo rm u la. I t c learly e x h ib its a double p e rio d lik e th e n o rth and so u th v a ria tio n an d lik e th e b a ro m e te r v a ria tio n , a n d (rem em b e rin g th a t no a tte m p t h a s b een m ade to e lim in a te th e p o rtio n o f th e lan d -a n d sea-breeze W hich p ro b ab ly still rem ains) its g e n eral resem b lan ce w h e n in v e rte d to th e b a ro m e te rcurve ( fig. 2 ) is very rem ark ab le. T h e p a r t o f th is v a ria tio n w h ic h c o n tain s th e d o u b le period, and w hich w ill be supposed in d e p e n d e n t o f th e la n d -a n d sea-breeze, w ill h e re a fte r b e called th e longitudinal d iu rn a l v a ria tio n o f th e w in d , to d istin g u ish i t fro m th e w hole east an d w est m ovem ent given in T a b le I ., a n d fro m th e p u re lan d -a n d sea-breeze.
6. I f we ag ain m ak e th e sam e a ssu m p tio n as b efo re, re g a rd in g th e n a tu re o f th e la n dand sea-breeze, viz. 
a n d th e follow ing v ariatio n ob tain ed , w h ic h w ill h e re a fte r b e called th e meridional d iu rn a l variation o f th e w ind, to d istin g u ish it fro m th e w h o le n o rth a n d so u th m o v e m e n t given in T a b le X , a n d from th a t p a rt o f it w h ic h b e lo n g s to th e la n d -a n d sea-breeze. g ME. E. CHAMBEES ON THE DIUENAE VAEIATIONS I h is variation is also g rap h ically re p re se n te d by fig. 8 . I ts value o f course depends on th e correctness of th e assum ption as to th e n a tu re o f th e lan d -an d sea-breeze, w h ich m a y b e only approxim ately tru e , an d th e variatio n m ay th e re fo re b e su b je c t to correction h e re after w hen th e ex act n a tu re o f th e land-an d sea-breeze becom es kn o w n .
/. I t w ill be observed th a t th e g re a t d istin g u ish in g fe a tu re o f th e d iu rn a l v ariatio n of th e b aro m eter, viz. th e double perio d , is th e m ost p ro m in e n t one in th e m erid io n al OF THE WIND AND BA ROMETRIC PRESSURE AT BOMBAY. % diurnal variation o f th e w in d ; and th e sam e featu re h as been shown to be present in th e longitudinal variation also ; hence we n a tu ra lly in fer th a t th e phenom ena may be in some way in terd ep en d en t, and are led to in q u ire a fte r th e n a tu re o f th e ir relationship.
Confining our atte n tio n for th e p re sen t to th e m eridional variation, i t is difficult to conceive how any local p ecu liarity o f g eo g rap h ical position could so modify th e landand sea-breeze (w hich we have seen follows chiefly, in its p rin cip al direction, th e same law of progression as th e te m p e ratu re of th e air) as to cause its law of progression in a n o rth and south direction to be so w idely different in ch aracter from th a t in th e east and west direction as th e variations in T ab le I. show it to b e ; and m uch m ore difficult to conceive how th a t m odification (if it m ay be reg ard ed as such) q f th e strictly local p he nom enon w hich we know th e land-and sea-breeze to be, should follow a law o f progres sion sim ilar to th a t of th e d iu rn a l v ariatio n o f th e b aro m eter, w hich is perhaps th e m ost universal and re g u la r o f a ll m eteorological phenom ena. I t seems far m ore probable th a t th e variation rep resen ted by fig. 8 is n o t a sim ple m odification o f th e land-a n d sea-breeze by local peculiarities, b u t an in d icatio n o f th e existence o f a double d iu rn al variation in th e general m ovem ents o f th e atm o sp h ere, as universal as, an d m oving syn^ ehronously w ith , th e double d iu rn a l variatio n o f th e b aro m eter, b u t w hich has n e v e r before been noticed because of th e u n su ita b le n a tu re o f a ll w ind observations madebefore th e invention o f R o b in s o n 's anem o g rap h for ex h ib itin g a variatio n o f th is k in d ; an d it is n o t unreasonable to expect th a t sim ilar variations w ill be found a t o th er tror pical stations by sim ilarly reducing a sufficiently lo n g series o f su itab le w ind observations*. N ow regarding th a t p a rt o f th e d iu rn a l variatio n o f th e w ind a t B om bay w hich is n o t directly a ttrib u ta b le to th e land-and sea-breeze as a universal phenom enon, perhaps its m ost surprising featu re is th a t th e h o u rs a b o u t noon should occupy a position fu rth est rem oved to th e southward o f th e m ean direction-line A B, a featu re w hich appears to be in direct opposition to th e principles o f H a d b e y 's theory o f th e tradewinds, w hich is th e th eo ry th a t explains satisfactorily th e land-an d sea-breeze, and in w hich th e w ind is always supposed to blow tow ards th e h eated region, n o t away from it as shown by th a t featu re o f th e v ariatio n ; for, according to th a t theory, we should expect to find a decided tendency o f th e w ind to blow from th e n o rth a t th a t tim e in th e n o rth e rn hem isphere. A n d th is fe a tu re is th e m ore surprising w hen viewed side by side w ith th e m ore extensive east and w est m ovem ent, w hich is in perfect accordance w ith the theory.
Speaking about th e sun's h eatin g action on th e atm osphere, and th e effects resulting therefrom , Sir J . H e r s c h e l has rem arked, in his 4 M eteorology,' art. 172 :-" W h en anem om etry is fu rth er perfected we m ay expect to trace th e influence o f this chain o f causation into a m orning and evening tendency o f th e w ind (on a long average of obser vations) to draw towards th e points o f sunrise and sunset, to com pensate th e overflow from off th e heated hem isphere w hich takes place aloft in a contrary direction." ' * Observations of the direction of the wind are of no value for this purpose, unless combined with their corresponding observations of the velocity (not pressure) of the wind.
T he expectation here expressed is certainly n o t realized by th e d iu rn a l w ind-curve fo r B om bay; b u t it m ay n o t therefore be in ferred th a t such a tendency does n o t exist, an d may n o t eventually be traceable. T h e inference th a t m ay be d iaw n is th a t th e sam e cause, w orking in an unexpected m anner, produces o th e r effects o f an opposite n a tu re w hich com pletely overwhelm th e expected tendency, o f whose existence, how ever, in a m uch sm aller degree, th ere can be no doubt. B u t th e p rinciples o f H adley's th e o ry fail also to explain th e double reversal in th e n o rth arid south direction w hich th e w ind undergoes d a ily ; for, in accordance w ith them , th e w ind w ould be reversed in d irectio n b u t once a day, ju s t as in th e case o f th e land-and sea-breeze, seeing th a t th e te m p era tu re rises and falls b u t once a day. T u rn in g to th e lo n g itu d in al variation, w hich is approxim ately represented by fig. 7 , th e same difficulty is en co u n tered in a tte m p tin g to explain th e double reversal o f th is curve by th e same p rin c ip le s; an d th e d irections o f th e wind indicated in th e m orning and afternoon hours are ex actly th e reverse o f those expected by Sir J . H erschel in th e rem ark qu o ted above.
8. I t seems highly im probable, th en , th a t th e m eridional and lo n g itu d in a l variations of th e w ind a t Bom bay are p a rt o f a system o f convection-currents, such as w ould satisfy th e requirem ents of H adley's theory. T h e form o f th e curves seems ra th e r to suggest th e notion of a general bodily m ovem ent of th e atm osphere (its low er stra ta as w ell as its upper) outwards in all directions from th e m iddle o f th e h em isphere w hich is b ein g heated towards th e m iddle o f th a t w hich is being cooled, succeeded by oscillatory move m ents consequent upon th e disturbance o f equilibrium th u s caused. T h e n o tio n o f a general outflow o f air (n o t an u p p er surface overflow m erely) from th e h e ate d h em i sphere has already been advanced by Sir J ohn H erschel in his ex p lan atio n o f th e diurnal variation of th e b a ro m e ter* ; b u t he does n o t seem to have suspected th a t th e re would be more th a n one com plete oscillation in th e tw enty-four hours, or th a t these movements o f th e a ir w ould be m ore m arked th a n th e convection-currents already referred to. A fte r explaining th a t th e h e at of th e sun produces on th e a ir o f one h em i sphere a " considerable elevation o f th e lines of equal density [[which w hen so elevated cease to be statical level lines], w hile th e n ig h tly chill on th e o th er side acts in a con trary way on th e opposite hem isphere," he says, " an in d irect effect " on th e baro m eter " results from th e elevation of th e surface o f equilibrium on one side and depression below it on th e other. To form some rough estim ate o f th is effect, whose exact calcu lation w ould be difficult, we m ust consider th a t an elevation o f 363 feet on one side [[taking, exempli g r a t i a , 20 F a h r. for th e difference o f day and n ig h t te m p e ratu r and a sim ilar depression on th e other, correspond to a slope o f 3"*5 a t th e common boundary of th e two hem ispheres, down w hich th e centre o f gravity o f each aerial column situate on th a t boundary (being unsupported laterally ) tends to glide. T he effect of this will be the production o f a general movement o f air setting outwards from the heated h e m i s p h e r e , and w hich, th o u g h feeble (as its velocity w ould a t its m axi m um hardly exceed a mile an hour), yet acting over th e w hole circum ference o f a g reat * See H ebschel's * Meteorology/ art circle o f th e globe, w ould tra n sfe r a sensible fractio n o f th e w hole atm osphere backw ards and forw ards." W h e th e r such a system of d iu rn a l w ind-currents as th a t w hich has been supposed, having a second com plete oscillation d u rin g th e n ig h t, is really a universal phenom enon, m ust be determ ined by ex ten d ed observation and investigation in o th e r localities ; and w h eth er th e currents are o rig in ate d and p ro p ag ated in th e m an n er th a t has been sug gested, or w h eth er they do n o t ra th e r owe th e ir o rig in atio n in a m ore direct m anner to th e d iu rn al fluctuations o f th e te m p e ra tu re o f th e a ir* , it is p erh ap s p rem atu re to sp e c u la te ; b u t in th e m ean tim e it ap p ears to be w o rth w hile to com pare th e observa tions th a t are available, w ith th e conclusions th a t may be draw n from th e hypothesis of th e existence o f such c u rre n ts, and to m a rk th e relatio n s th a t w ill be found to obtain betw een th e d iu rn al variations o f th e w ind an d o th e r m eteorological phenom ena.
9. I f such a system o f d iu rn a l w ind -cu rren ts really exists in n a tu re , we should expect to find th e ordinates o f th e tw o curves re p re se n tin g th e m erid io n al d iu rn al variations o f th e w ind for th e n o rth e rn an d so u th e rn h em isp h eres exactly reversed in direction, th a t they increase in range w ith th e la titu d e in b o th h em ispheres, an d vanish a t th e equator. W e should also expect to find th a t th e ra n g e o f th e curve fo r each place o f observation has a yearly variation corresponding to th e su n 's ch an g e o f d eclin atio n , bein g sm allest w hen th e su n 's zen ith distance is sm allest an d in creasin g as it increases, and Such a variation in ran g e is clearly show n by th e m ean m o n th ly curves fo r Bom bay. T h ey give th e follow ing d iu rn a l ranges, w h ich are th e differences o f th e m ean ordinates for 1 2^ a n d l 8^ h ours in each m o n th , m easured in th e sam e m an n er as those given in T able IV . These ranges furnish an o th er a rg u m e n t in favour o f th e m eridional d iu rn al variation o f th e wind having an origin in d ep en d en t of th a t o f th e land-and sea-breeze; for if b o th were a consequence o f th e same local influences, th ey w ould m ost probably vary in such a m a n n er th a t th e ra tio o f one to th e o th e r w o u ld b e c o n stan t. T h e n u m b e rs in th e th ird line o f T a b le V . show th e m ean d iu rn a l ra n g e s o f th e la n d -a n d sea-breeze b e tw ee n 71 and 15-i h o u rs in each m o n th o f th e year, th e v alu es fo r th e s e h o u rs h a v in g b e e n o b tain ed in th e sam e m a n n e r as th o se given in T a b le I I . T h e y a p p e a r to show th a t th e tw o variations are n o t th e effects o f th e sam e p e rs iste n t local influences.
10.
O u r a tte n tio n has th u s fa r b e en chiefly confined to th a t p a r t o f th e d iu rn a l v a ria tio n o f th e w ind w hich m anifests its e lf in th e d ire c tio n o f m e rid ia n lin e s ; b u t th e sam e considerations w ould le ad us to e x p ec t a n e ast a n d w est d iu rn a l v a ria tio n also, o f a som e w h a t sim ilar ch aracter, show ing th a t th e w in d blow s aw ay fro m , n o t to w ard s, th e su n , a n d th erefo re from th e east d u rin g th e m o rn in g h o u rs, a n d fro m th e w est d u rin g th e a ftern o o n h o u rs, and h av in g sim ila r o scillato ry m o v em en ts d u rin g th e n ig h t. R easo n s for believing th a t such a v a ria tio n does re a lly e x ist h a v e b e e n g iv e n in p a ra g ra p h 5. I ts tim es o f m ax im a an d m in im a w ill p ro b a b ly b e a b o u t th e sam e tim e a t w h ic h th e m erid io n al v a ria tio n is a t its m ean positions, an d vice versd; a n d its d ire c tio n s w ill, u n lik e th e m e rid io n a l v aria tio n , b e th e sam e a t th e sam e tim e s a t p laces in b o th h e m isp h e re s th a t are e q u id ista n t from th e e q u ato r.
U n fo rtu n a te ly th e observations fo r B om bay alo n e w ill n o t suffice fo r th e e x a c t d e te r m in a tio n o f th e n a tu re o f th e m ean lo n g itu d in a l d iu rn a l v a ria tio n o f th e w in d fo r th e w hole year, u n til th e precise c h a ra c te r o f th e la n d -a n d sea-breeze h a s b e e n fo u n d b y a com parison o f th e observations w ith sim ilar ones m ad e e ls e w h e re ; b u t, ju d g in g fro m w h a t h as preceded, w e m ay assum e as a first a p p ro x im a tio n to th e tr u th , a n d fo r th e sak e o f carry in g th e in v estig atio n a step fu rth e r, th a t i t is sim ila r to th e m e rid io n a l v a ria tio n , w h e n th e n o rth com ponents o f th e la tte r a re ta k e n to re p re s e n t th e w e st c o m p o n en ts o f th e form er, b u t e arlier in p h ase b y a b o u t th re e h o u rs.
T a k in g , th e n , th e m erid io n al v a ria tio n as a ty p e o f th e lo n g itu d in a l v a ria tio n , a n d com b in in g th e tw o, we have th e ep itro ch o id al curve re p re se n te d b y fig. 9 , w h ic h m ay b e reg ard ed as a typical curve re p re se n tin g th e d iu rn a l v a ria tio n o f th e w in d in low n o rth e rn la titu d e s ; an d a g a in co m b in in g th e tw o a fte r rev ersin g th e m e rid io n a l v ariatio n , w e g e t th e curve re p re se n te d by fig. 10 , w hich m ay b e re g a rd e d as a ty p ic a l curve re p re se n tin g th e d iu rn a l v a ria tio n o f th e w ind in low so u th ern la titu d e s.
The curves show a d o u b le d iu rn a l rig h t-h a n d e d ro ta tio n , in th e sam e d ire c tio n as th e h a n d s o f a w atch , fo r th e n o rth e rn h em isp h ere, an d a d o u b le d iu rn a l le ft-h a n d e d ro ta tio n , m th e opposite d ire c tio n to w atcli-h an d s, fo r th e so u th e rn h e m isp h ere . I *1 fh e curve ( fig. 1) show ing th e m ean d iu rn a l v a ria tio n o f th e w in d a t B om bay, th e double d iu rn a l ro ta tio n is converted in to a single ro ta tio n b y th e influence o f th e land-and sea-b reeze; b u t th e tendency tow ards a d o u b le ro ta tio n is w ell m ark ed , a n d th e m ean d iu rn a l v a ria tio n fo r th e m o n th s J u ly an d A u g u st, w h en th e effect o f th e lan d -and sea-breeze is very slig h t, clearly ex h ib its th e d o u b le ro ta tio n . T h is v a ria tio n is given in T ab le I I I ., an d re p re se n te d g rap h ically by fig. 11 . 12.
T h e follow ing ex tracts from th e discussion o f th e d iu rn a l v ariatio n s o f m eteo ro lo g ical phenom ena fo r St. H e le n a , 1841 to 1843, by G e n era l S ir E d w a r d S a b i n e , a re alm o st an ex act description o f w h a t w ould follow from th e su p erp o sitio n o f a d iu rn a l variation lik e th a t rep resen ted by th e typical curve ( fig. 10 ) u p o n th e so u th -east trade-w ind o f th a t statio n , and th e y a p p ea r to p u t beyond d o u b t th e existence o f a double d iu rn a l left-handed ro tato ry variation of th e w ind in so u th ern low la titu d e s. " F ro m T able X L I . we le arn th a t th e w ind is m ore easterly generally d u rin g th e h o u rs o f th e day th a n d u rin g th e n ig h t, an d th a t i t is most easterly about noon. T h e direction varies little d u rin g th e n ig h t, b u t th e re is a ten d en cy to a more southerly to 15h it rem ains n e arly statio n ary , ex cep t th a t th e re is a ten d en cy to a maximum a t l l h show n in b o th years, folloived by a minimum also o f in ferio r ch aracter. A t 13h, a t 0\ and 16b th e pressure coincides w ith th e m ean o f th e tw enty-four h o u rs."
T h e variation in d irectio n h as also tw o m ax im a a n d tw o m in im a w ith re g u la r p ro gressions from one to a n o th e r, an d th e tu rn in g -p o in ts occur a t in terv als o f a b o u t six hours.
13. H av in g advanced reasons fo r believ in g th a t a re g u la r d iu rn a l v ariatio n in th e m ovem ents o f th e atm o sp h ere does re a lly exist, an d th a t i t is p ro b a b ly universal, an d h av in g shown, to th e e x te n t to w h ich th e lim ite d n a tu re o f th e observations p erm it, th e pro b ab le c h arac te r o f th a t v ariatio n , it m ay now be show n th a
t th e d iu rn a l variation o f th e b a ro m e ter is d irectly d ed u cib le from th e w ind v ariation. T h e b e st w ay o f show ing th is w ill p erh ap s be to a d o p t th e suggestions rec en tly m ade by D r. B a l f o u r S t e w a r t ,
and to suppose th e existence o f several " m eteo ro lo g ical b lo ck ad es." A figure w ill b e st illu s tra te w h a t is in te n d e d (see P la te X X X I V . fig. 15 ). L e t W E re p re se n t th e e a r th 's e q u ato r, divided in to h o u rly in terv als, an d le t th e h o rizo n tal lines above an d below i t re p re se n t p arallels o f n o rth a n d so u th la titu d e respectively. T h e arrow s w ill th e n in d icate th e d irectio n s tow ards w h ich th e w ind is blow ing a t th e tim es a t w hich th e y are placed, in accordance w ith th e ty p ical curves fig. 9 and fig. 10 . T h ey are m a rk e d only for th o se tim e s w h en th e w inds are a t one or o th er o f th e fo u r card in al d ire c tio n s ; b u t it is to b e u n d ersto o d th a t th e re is a g ra d u a l progression from one to th e o th e r w ith th e tim e, p ro d u cin g tw o rig h t-h an d e d ro tatio n s along th e p a ra lle l o f n o rth la titu d e , and tw o opposite ro ta tio n s along th e p a ra llel o f so u th la titu d e ; an d th a t a t th e e q u a to r th e w ind g ra d u a lly dies aw ay to a calm , an d is th e n succeeded b y a w ind in th e opposite directio n , w hich g ra d u a lly increases to a m axim um . L e t m eridian lines be draw n th ro u g h those tim es w h en th e m eridional v ariatio n o f th e w ind on th e parallels of la titu d e passes th ro u g h zero, w hich are ab o u t th e tim es w hen th e lo n g itudinal variation a tta in s its m ax im a east an d w est positions ; these lines w ill divide th e space betw een th e parallels o f la titu d e in to fo u r areas, <z, b, c, and d, th e boundaries of w hich m ay be ta k e n to re p re se n t those o f fo u r sep arate blockades. A n inspection o f th e figure w ill show th a t a ir is flowing o u t o f th e areas a and c in a ll directions, and flowing into th e areas b and d from all directions. A b aro m eter placed in th e area a or c w ill th erefo re show a dim in ish in g pressure, w hile one placed in th e area bo r dw ill show an increasing pressure.
* Astronomical reckoning,
c 2 O r we m ay suppose th e figure to re p re se n t th e w inds o f a system w h ic h revolves a b o u t th e e a rth w ith th e sun from east to w est, a n d h en ce each p la ce o f o b serv atio n betw een th e tw o parallels o f la titu d e w ill successively p ass fro m w e st to e a s t th ro u g h th e various conditions o f th e several areas. T a k e , fo r e x am p le, a s ta tio n s itu a te d on th e eq u ato r a t th e tim e 6 h o u rs ; a ir is th e n flow ing to w ard s i t fro m a ll d ire c tio n s, a n d con sequently a t th a t tim e th e b a ro m e te r is ra p id ly r is in g ; w h e n th e p la ce h a s a d v an ced to , say, 8 hours, a ir is still flow ing tow ard s it fro m th e n o rth a n d so u th , b u t w ith a less velocity th a n w hen it was a t 6 h o u r s ; a ir is also flow ing to w ard s i t fro m th e e a st b u t leaving it on th e w est, th o u g h less ra p id ly , a n d th e b a ro m e te r is s till risin g , b u t less rap id ly th a n a t 6 h o u r s ; w hen th e statio n h a s advanced to 9 J h o u rs a ir h a s ceased to blow tow ards it from th e n o rth an d so u th , an d i t is im p o rtin g ju s t as m u c h a ir fro m th e east as it is e x p o rtin g on th e w e s t; th e b a ro m e te r is now sta tio n a ry a n d h a s re a c h e d a m axim um . W k e n th e place arrives a t 11 h o u rs, th e a ir h a s b e g u n to flow o u tw a rd s tow ards th e n o rth an d so u th , a n d m ore a ir is leav in g it on th e w e st th a n is b lo w in g tow ards it from th e east, an d in consequence th e b a ro m e te r h a s b e g u n to fa ll. A t a b o u t 13 h o u rs a ir is leaving th e place in a ll d irectio n s a n d th e b a ro m e te r is fa llin g ra p id ly , and continues to fall u n til th e statio n reach es 16 h o u rs, w h e n a ir h a s ceased to flow from it tow ards th e n o rth an d so uth, an d is leav in g i t on th e e a st a t th e sam e r a te a t w hich a ir is b e in g received from th e wre s t ; th e b a ro m e te r h a s n o w re a c h e d its m in im u m position an d is ag ain statio n ary . A s th e sta tio n advances s till f u r th e r , a ir b e g in s to blow tow ards i t fro m th e n o rth an d so u th , a n d to leave i t less ra p id ly on th e e ast th a n it receives a ir from th e w est, and th e b a ro m e ter b eg in s to r i s e ; a b o u t 19 h o u rs, a ir is flow ing tow ards th e sta tio n from a ll d irectio n s a n d th e b a ro m e te r is ris in g ra p id ly , a n d i t reaches a second m ax im u m a t a b o u t 22 h o u rs, w h en th e a ir h a s ceased to flow to w ard s th e statio n from th e n o rth a n d so u th a n d is b lo w in g in w ard s on th e e ast a t th e sam e ra te a t w hich it is blow ing outw ards on th e w est. F ro m 22 h o u rs to 9 J h o u rs th e sam e cycle o f changes as th a t w hich occurs from 9^ h o u rs to 22 h o u rs is re p e a te d , b u t on a less extensive scale. T h e sam e resu lts w ill follow fo r a s ta tio n s itu a te d n o rth o r s o u th o f th e equator, if it b e borne in m in d th a t th e n o rth a n d so u th w in d s in crease in s tre n g th w ith th e distance o f th e place from th e equator.
I t w ill b e observed th a t th e m ovem ents o f th e b a ro m e te r d ed u ced fro m th e fig u re are all in accordance w ith observation.
14.
T h e curves fig. 9 and fig. 10 are also o f som e im p o rtan c e , as w ill p re se n tly ap p ear, w h en view ed in connexion w ith th e 4< law o f g y ra tio n " p ro p o u n d e d b y P r o fessor D ove ; fo r th e y w ill be seen to accord w ith som e o f th e re s u lts o f h is in v estig atio n s, viz. th e m ark ed tendency o f th e w ind to ro ta te in a rig h t-h a n d e d d ire c tio n in th e n o rth e rn h em isphere, and in th e opposite d irectio n in th e so u th e rn h e m isp h ere .
16* T h e w hole o f th e w ind w h ich blow s a t B om bay on an y p a rtic u la r d ay m ay be reg ard ed as m ade u p o f th re e d istin c t p a rts i-1st, th a t d u e to th e d o u b le d iu rn a l v aria tio n o f th e w ind, a n d w hich is m ost p e rsiste n t in its c h a ra c te r; 2nd, th e land-a n d seabreeze, w hich is also very p ersiste n t in a ll ex cep t th e m onsoon m o n th s, J u n e , J u ly , A u g u st, and S e p te m b e i; and ord, th a t w ind w h ich rem ain s a fte r th e elim in atio n o f th e
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OF THE WIND AND BAROMETRIC PRESSURE AT BOMBAY. 13 double diurnal variation and th e land-and sea-breeze, and w hich may be called the daily norm al wind (this wind is th e m ost irreg u lar in direction and variable in velocity). T he m ean resu ltan t wind for th e w hole year is represented by th e line C F , fig. 1 *. W h en all three winds are blow ing norm ally th ere will be no ro tatio n o f th e vane, b u t only a diurnal oscillation rig h t and left ab o u t th e daily norm al wind. This is th e m ost usual condition o f th e vane. T h e range of th e oscillations w ill be very small if th e daily norm al is very strong, and will increase as th e norm al dim inishes in strength. B u t whenever the daily norm al w ind becomes so sm all or varies in direction so as to lie wholly w ithin the diurnal-variation curve, a single rig h t-h an d ed revolution o f th e vane will occur on th a t day, b u t it will n o t be a uniform m ovem ent all round th e compass. Suppose, for instance, th a t th e daily norm al is a n o rth w ind o f velocity one mile per h o u r; and let th e thick line C D in fig. 1 represent th is norm al, th e n lines draw n from the point D to any p a rt o f th e diurnal-variation curve will show th e direction of the vane a t th e tim es indicated along th e course of th e curve and to w hich th e lines are drawn. I t w ill be observed th a t th e vane will a lte r its direction very gradually in th e afternoon hours, and ra th e r quickly betw een 21 and 0 h o u rs; th a t it w ill be alm ost steady a t east from 6 to 9 hours, after w hich a very rap id m ovem ent will tak e place, changing its direction 180° in about th re e hours. Such m ovements of th e vane are of very frequent occurrence a t Bom bay d u rin g m ost o f th e year, b u t especi ally d uring th e m onth o f O ctober, w hen th e daily norm al w ind has a sm aller velocity th a n a t any o ther tim e of the year and is very variable in direction. Professor D ove pointed out th e fact th a t right-handed rotations o f th e vane a t Bombay were m ore num erous in O ctober th a n in any o th er m onth o f th e y e a r ; and he suggested th a t th e operation of local causes m ig h t account for th e excess, b u t he left th e point to th e decision o f th e observer. T he foregoing explanation o f rig h t-h an d ed rotations o f th e vane th ro u g h o u t th e year affords also an explanation o f th e g reater nu m b er o f rotations in October, and shows it to be due to th e fact th a t th e daily norm al winds of th a t m onth are sm aller and more variable th a n in any o th er m onth, and therefore lie more frequently within th e diurnal-variation curve. A separate tre a tm e n t of th e daily norm al winds, so as to show th e ir variability a t different tim es o f th e year, is now in progress, and it brings out th e fact here m entioned very prom inently. F u rth e r, w henever th e land-and sea-breeze and also th e daily norm al are sim ultaneously alm ost entirely suspended (which, however, rarely occurs, and never except d u ring th e monsoon m onths), th ere will be a double rotation o f the vane in one day, th e m ovem ent round th e compass approaching more and more nearly to uniform ity of progression as th e land-and sea-breeze and th e daily norm al become less and less.
I t w ill be noticed th a t th e daily norm als w hich blow from different directions will all be differently modified by the superposition upon them o f th e diurnal variation o f th e w in d :
* The almost exact coincidence of the direction of the resultant wind for the whole year with that of the sea-breeze is remarkable; and the fact seems to point to the same cause for the origination of one as for the other, viz. the higher temperature (on the average) of the air over the land compared with that of the air over the sea. Observations made on the eastern sea-board of India will show whether there is any truth in this conjecture.
suppose, for instance, th a t th e daily n o rm al is a n o rth w ind w ith a c o n stan t velocity th ro u g h o u t th e day of te n m iles p e r h o u r, an d th a t a d iu rn a l v ariatio n lik e th a t re p re sented by fig. 1 is superim posed upon it, th e n a t 21^ h o u rs an d 11 h o u rs th e vane w ill be unaltered, b u t th e w ind w ill be increased in velocity a t 21^ h o u rs, an d d im in ish ed in velocity a t 11 hours, w h ilst a t 7 J h o u rs th e vane w ill be deflected fu rth e s t to th e rig h t, and a t 1 5 | hours fu rth e st to th e left. A daily n o rm al from th e so u th w ill be oppositely affected b o th w ith regard to velocity an d direction, supposing th e observer to face th e w ind. N ext, suppose th a t th e daily n o rm al is a w ind from th e w est o f co n stan t velocity and o f th e same stren g th as before, th e n a t 13 h o u rs an d 22 h o u rs th e vane w ill b e unchanged, b u t th e w ind w ill have increased in velocity a t th e fo rm er tim e a n d d im in ish ed a t th e la tte r; w hilst a t 1 8 | hours th e vane w ill be deflected fu rth e s t to th e rig h t, an d a t 7£ hours fu rth e st to th e left. A n east norm al w ind w ill b e o p p o sitely affected b o th as regards direction and velocity. Sim ilarly, for daily n o rm als from o th e r directions, th e re w ill be h ours (different for each different norm al) w hen th e vane w ill be unaffected by th e superposition of th e d iu rn a l variation, b u t w hen th e w ind w ill b e m odified in velo city, and other reg u larly recurring tim es o f th e day w hen each different n o rm a l w ill be deflected to its extrem e rig h t and le ft p o sitio n s; b u t th ese tim es w ill n o t be th e sam e fo r any tw o different norm als. H ence arise m any ap p aren tly fo rtu ito u s m ovem ents o f th e vane, w hich, how ever, m ay be reduced to o rd er by th e foregoing m e th o d o f sep aratio n .
16. H aving now acquired a know ledge o f th e n a tu re o f th e d iu rn a l v ariatio n o f th e w ind a t Bombay, and th e influence w hich it exerts on th e m ovem ents o f th e vane, it is evident from an exam ination o f th e anem ogram s th a t by fa r th e g re a te r p a rt o f th e rig h thanded ro tatio n o f th e vane a t Bom bay is due to th e diurnal variation o f th e w in d ra th e r th a n to a veering ro u n d o f th e daily n o rm al w in d ; an d it w ill b e n eed fu l to m ake a special investigation of th e w ind records a t B om bay, e lim in atin g th e effects o f th e d iu rn al variation, before it can be said th a t th e y show a n excess o f " d ire c t" over " re tro g ra d e " ro tatio n due to th e cause assigned by Professor D ove in h is ' L aw o f Storm s.' 17. T he anem ogram s of th e seven B ritish observatories, p u b lish e d in th e * Q u a rte rly W e a th e r R eports o f th e M eteorological Office,' show n u m ero u s instances in th e sum m er m onths of diurnal right-handed rotations o f th e vane sim ilar to those w hich occur a t Bombay, and very m any cases o f like d iu rn al m odifications o f a daily n o rm al from th e same direction. A s instances of th e form er kind, may be m en tio n ed th e anem ogram s for 1 alm outh for th e 30 th Ju n e, 1st a n d 2nd Ju ly , 1869 ; an d o f th e la tte r k in d th o se for S tonyhurst for th e 3 0 th J u n e and 1st Ju ly , 1869. Such instances a p p ea r to show th a t a system atic diurnal variation of th e w ind obtained in th e B ritish Is le s ; and for th e sake of testing this point, an experim ental reduction o f fifty o f th e F a lm o u th anem ogram s for days betw een th e 1st A p ril and 2nd S eptem ber, 1869, has been m ade. Those days on w hich th e velocity exceeded 15 miles p er h o u r for th e w hole day, or a larg e portion of it, w ere rejected as disturbed days. T h e tab u latio n s an d reductions w ere m ade exactly in th e same m anner as th e Bom bay observations are ta b u la ted and reduced, so th a t th e results are strictly com parable w ith those for Bombay. T h e results are con tained in th e following T h e m ean com ponents for th e w hole p erio d are 0*3 N . an d 0*2 W l C onsidering th e sm all n u m b e r o f observations from w hich it is deduced, th e curve is a rem ark ab ly re g u la r one, an d accords in m any respects w ith th e ty p ical curve, fig. 9 . T h e ro ta tio n is rig h t-h a n d e d ; th e m o rn in g h o u rs occupy th e east side o f th e curve, th e h o u rs ab o u t m idday are to th e south, and th e aftern o o n h o u rs to th e w est, w hile th e m id n ig h t h ours are crow ded to g e th e r tow ards th e n o rth -w est, b u t th e re are no definite indications o f a double d iu rn a l ro tatio n . T h is figure w ill p ro b ab ly in te re st m any m agn e tic ia n s; for w hen it is tu rn e d in a rig h t-h an d e d d irectio n th ro u g h an angle o f about 90° in the plane o f th e paper, it bears a very strik in g resem blance to a curve w hich re p re sents th e m ean d iu rn al variation o f th e e a rth 's m ag n etic force in a h o rizo n tal plane a t G reenw ich; and w hich is p u b lish ed in th e G reenw ich O bservations for 1867.
18.
T h e T oronto observations o f th e w ind also show a d iu rn a l variatio n w hich ro tates in a right-handed direction. T h e follow ing resu lts (see T able V II., p. 16) are deduced from th e M M eteorological A bstracts, T oronto 1854-1 8 5 9 ," T ables L I I . and T i l l . F ig . 13 is a graphic re p resen tatio n o f th is variation, from w hich it w ill be seen th a t th e d iurnal variation o f th e w ind a t T oronto h as sim ilar features to those o f th e F alm o u th curve, and th a t it resem bles th e typical curve ( fig. 9) T h e m ean com ponents for th e w hole period are 1*01 N . an d 1*93 W .
19. Now, confining our atte n tio n to th e n o rth e rn h em isp h ere, an d supposing th e su n to have no declination, a little consideration w ill show th a t a double d iu rn a l v ariatio n o f th e w ind like th a t represented by fig. 9 cannot subsist in all la titu d e s, for such a supposition w ould lead to a contradiction w hen th e pole was re a c h e d ; for it w ould req u ire th a t winds should be found th e re blow ing in opposite directions a t th e sam e tim e, w hich is o f course absurd. T he two influences, how ever, w hich produce th e tw o n o rth an d south oscillations in low latitu d es m ay be supposed to ex ist a t th e sam e tim e even a t th e pole, tending to produce m otion in opposite directions : th e m ovem ent produced w ill therefore be due to th e difference of these influences; an d as th e g re a ter influence is th a t w hich produces th e larger oscillation in low la titu d es, th e re su lt w ill be a transference of air across th e pole from th e h o t to th e cold hem isphere, or, w hich is th e sam e th in g , a m otion of th e air from the sun. I t follows th a t th e d iu rn a l variation a t th e consist of a single rotation, th e diurnal-variation curve b ein g a circle-or, in o th er words, a vane placed th ere and influenced only by this variation w ill " veer " ro u n d a t the uniform rate of 15° per hour. I f we suppose such a variation to exist a t th e pole, th e n in m iddle latitudes we should expect to find th e d iu rn al variation o f th e w ind p a rta k in g o f th e characteristics both of the variation a t th e pole and th a t in low la titu d e s ; and such appears to be th e case w ith th e variations given for T oronto and F a lm o u th : th e double rotation is converted into a single one in both in stan ces; b u t th e rate of rotation is decidedly not u n i f o r m , being m uch slower during th e n ig h t th a n during th e day, although th e rate during th e day is m uch slower th a n in low latitudes. K eferring to the typical curve fig. 9 , we see th a t during th e day it rotates th ro u g h 180° in a little over 6 h o u rs ; and from the rem arks for St. H elena, it may be inferred th a t there the diurnal wind-curve rotates th ro u g h the same distance in about th e same tim e, whilst at Falm outh and Toronto th e curve rotates du rin g th e daytim e th ro u g h 180° in about 9 hours. A t the pole, the curve, as we have supposed it, rotates th ro u g h 180° in 12 hours. 20. The results deduced from th e curves th a t have been discussed afford a possible, if no t a probable, explanation o f th e observed excess o f " d ire c t" rotation of the windvane over " retrograde " rotation in the n o rth e rn hem isphere, and o f th e opposite excess in th e southern hem isphere; and it is one th a t follows directly from th e observed move m ents of th e wind. T hey have therefore some relevance in th e discussion of sto rm s; for it should be shown th a t there still rem ains an excess o f direct over retrograde rotation, after elim inating th e effects of th e diurnal variation o f th e w ind, before any allowances are made for " veering " o f th e w ind in deducing probabilities o f th e w eather from observations made a t th e same hours o f successive days; w hilst th ey show th e small m ag nitude of allowances th a t should be made for " veering " or " ," as th e case may be, in connecting observations th a t are m ade a t different hours o f th e day; and by reducing th e num ber of the movements of th e vane for w hich reasons have still to be sought, and w hich w ould otherwise be m isleading, they w ill increase to some ex ten t th e value of w eather probabilities. Some of th e foregoing rem arks have been made because th e w riter has observed th a t, in an " inquiry into th e connexion betw een strong winds and barom etric differences " by th e D irector of th e London M eteorological Office, an allow ance of 45° per day has been m ade for the " veering " of a strong wind, in deducing th e probable wind th a t would follow a certain barom etric difference betw een two stations, in accordance w ith B u t s B a llo t's law. T he subject appears to be w orthy of fu rth er elucidation, prior to th e adoption o f daily allowances for " veering " in fu tu re tentative investigations of a sim ilar nature.
21. In conclusion th e w riter would say th a t he m akes no pretensions to having fram ed a complete explanation of the diurnal variations o f th e barom eter. In th eir present stage, he regards the notions he has advanced m ore as providing a w orking hypothesis th an as a final solution of the long-vexed question of th e barom etric tides. As a sug gestion, it supplies in some m easure a w ant th a t has long been felt, in th a t it points out a definite line of inquiry w hich cannot fail, if followed, to be productive ot most valuable results. T he fact th a t th e hypothesis undesignedly forms a connexion between two m eteorological phenom ena (viz. th e diurnal variation of th e barom eter and th a t move m ent of the air which D ove has called the " Law o f G y ratio n ") w hich have h ith erto been regarded as perfectly independent of each other, and th a t it sim ultaneously explains both, appears to be in its favour; and it may be th a t it contains a germ of tru th which, when fully developed, will form no small addition to th e foundations of meteorological science. T h e m e an co m p o n en ts fo r th e w h o le p e rio d a re N . -2*38 a n d E . -3*17.
T h e v a ria tio n o f th e n o r th co m p o n en ts show s a d e c id e d double p e rio d h a v in g m a x im a a b o u t 6 a n d 18 h o u rs a n d m in im a a b o u t 0 a n d 12 h o u rs , lik e th e m e rid io n a l v a ria tio n o f th e w ind a t B om bay. T h e v a ria tio n o f th e e ast c o m p o n en ts is less re g u la r, b u t th e d o u b le p e rio d , th o u g h n o t stro n g ly m a rk e d , is n e v e rth e le ss u n m is ta k a b le in th is v a ria tio n also. I t h as a m in im u m a b o u t 14 h o u rs a n d a m a x im u m a b o u t 21 h o u rs , a second m in im u m d u rin g th e e arly m o rn in g h o u rs a n d a second m a x im u m b e tw e e n 8 a n d 9 h o u rs, show ing i t to b e o f lik e c h a ra c te r to th e lo n g itu d in a l v a ria tio n o f th e w in d a t B om bay. T h e c o m b in atio n o f th e se tw o v a ria tio n s p ro d u c e s a cu rv e ( fig. 1 4 ) w h ic h possesses th e sam e g e n e ra l fe a tu re s as th e ty p ic a l cu rv e fig. 9 .
